Limited shelf life of green mussel restricts its accessibility to wider markets. The study assessed the potential of using organic acids (lactic and citric acids) in enhancing the quality and storage life of chilled mussel. Pretreatments included: 2% lactic acid (LA) and 2% citric acid (CA). Results from sensory analysis concluded that lactic acid (LA) pretreatment had 15 days of acceptability compared to the untreated sample. It had also lower the volatile basic nitrogen (TVB-N), trimethylamine nitrogen (TMA-N), psychrophilic and lactic acid bacteria count of the sample during the storage. The weight loss of the citric acid pretreated sample was higher compared to the lactic acid pretreated mussel. Results from quality assessment indicated that pretreatment using lactic acid can be used to improve the storage life of chilled green mussel for 15 days compared 6 days of untreated samples.
Introduction
Green mussel is a commercially significant shellfish in the Philippines. 1 It is top 6 among important aquaculture produced species with the latest production of 18, 800 metric tons. 2 This commodity is commonly consumed as a cheap protein source in coastal areas. There was no established industry that primary process green mussel into shucked form pretreated with organic acids in the Philippines. It is generally utilized in their natural unopened condition for the local market. 1 Bivalves have a short shelf life after harvest due to their neutral pH value, high amino acid and water activity. Their high microbial load is also acquired from their filter feeding nature that contributes to their shorter shelf life. 3 Green mussel can be kept alive for 2 days after harvest when stored at ambient temperature. 4 This period is not enough to transport green mussels from distant mussel farms to the markets. The development of an appropriate processing method for mussel is important to increase its shelf life.
Hurdle processes like low-temperature storage and application of chemicals can help enhance the shelf life. 5 Organic acids are popularly used in the industry to enhance shelf life. 6 They are safe to use since they are naturally met in vegetable and animal tissues. 7 Lactic and citric acid are generally recognized as safe (GRAS) and are beneficial in extending the shelf life of the meat products subjected to cold storage. 8 A study 9 found out that 2% of lactic acid reduced pathogen levels in beef during chilled storage. There were no studies conducted in mussel using the said concentration for shelf life extension. Thus, this study utilized 2% concentration of lactic and citric acid in the pretreatment of green mussel subjected to 3˚C and assessed quality changes that occurred throughout the chilled storage.
Materials and Methods Collection and Preparation of Mussel Samples
The green mussel was freshly harvested from Taytay, Palawan, Philippines. Samples were declustered at harvest area and stored in a styrofoam box insulated containing ice using mussel/ice ratio of 5:1 (w/w). The samples were transported to Iloilo, Philippines via airfreight and immediately brought to the processing laboratory within 7 hours of travel time from the harvest site. The mussels were washed with tap water to remove adhering dirt. Samples were sorted to remove dead mussels that exhibit foul odor and gaping.
Green mussels were subjected to blanching at 85˚C for 2 mins using of 1:5 mussel/water ratio (w/v). Then, the blanched mussel was submerged in iced water for immediate cooling. The cooled mussels were shucked and divided into three batches: control, (2%) lactic acid pretreatment, and (2%) citric acid pretreatment. Three kilos of mussel meat per group were utilized for pretreatments. All the samples were packed using Nylon PE bags (6in. x 10in. x 75 microns) and heat sealed. The storage condition of the pretreated green mussel was 3˚C±1˚C for 18 days. The analyses were performed every 3 rd day to determine the overall quality of samples for 18 days.
Evaluation of Sensory Qualities
For the sensory analysis, mussels were wrapped using aluminum foil and subjected to steam for 18 minutes in boiling water. The sensory assessment of organic acid pretreated and control samples was done by using descriptive and acceptability test. Ten panelists assessed the odor (marine seaweed and ammoniacal), flavor (naturally sweet and sour) and acceptability (odor, flavor, and general) of green mussels. Before evaluation, test and parameters were explained to the panelists. They were reminded not to eat the samples during the sensory evaluation. Water and unsalted crackers were provided as taste neutralizer.
Microbiological Evaluation
The spread plating method was followed for the estimation of the microbial population in the green mussel samples. The 10 g mussel was weighed sterilely and homogenized with 90 ml of peptone water (0.01%). Then it was serially diluted tenfolds and spread plated on the agar. Lactic acid bacteria were determined on DeMann Rogosa Sharpe, MRS agar (TM Media, India), incubated at 37˚C for 48h. 10 While Plate count agar, PCA (TM Media, India) was used to enumerate psychrophilic bacteria and incubated at 8˚C for 5 days. 11 The results were expressed in terms of log colony-forming unit (log CFU) per g of mussel sample.
Physico-Chemical Analyses Determination of pH
The pH value of the green mussel with and without acid pretreatments was measured according to the standard method. 12 The samples were homogenized and pH was determined using pen-type pH meter (OEM, China).
Determination of Weight Loss
For weight loss analysis, the green mussel was weighed per treatment, packed and subjected to chilled storage. The pre-weighed samples were withdrawn and weighed again at every sampling interval. Separate packs of the sample were prepared for every sampling period. The weight loss was determined using the formula: 13 Weight loss (%) = initial weight/final weight x 100 For marine seaweedy odor, natural sweet flavor and sourness scores, 10=pronounced and 1=absent; for ammoniacal odor, 1=pronounced and 10=absent.
Means located on the same column with different superscripts (a-c) for each attribute tested are statistically different at p<0.05. Means located on the same row with different superscripts (A-C) are statistically different at p<0.05.
Determination of Volatile Compounds
The volatile compounds including the total volatile basic nitrogen (TVB) and trimethylamine nitrogen (TMA) were analyzed according to the Conway method 14 and the results were expressed as mg/100g N. Two grams of sample was homogenized TMA was determined using the same procedure as TVB, but 10% neutralized formaldehyde (RCI Labscan, Thailand) was added to the sample extract.
Determination of Ammonia
The ammonia concentration of pretreated and untreated green mussel was measured and expressed as mg/g muscle. 15 Two grams of the homogenized mussel sample was added with 5 ml of 15% TCA and mixed thoroughly. The extract was filtered using Whatman filter paper No. 1. The 1 ml filtrate was transferred to a test tube and added with 2 ml solution A and 1 ml solution B. The two solutions included phenol nitroprusside buffer (A) and alkaline hypochlorite (B). The samples were incubated at room temperature covered with aluminum foil for 30 minutes. Then samples were read at 635 nm using Agilent Cary Go UV-VIS spectrophotometer (Agilent, USA).
Statistical Analysis
The experiments were run in triplicate. The results were analyzed using one-way ANOVA and the mean was statistically evaluated using Duncan's multiple range test (DMRT) with the level of significance set at p<0.05. All the statistical analyses were carried out using the SPSS (version 20) software (SPSS Inc., Chicago, Illinois).
Results and Discussion Sensory Analysis
Sensory analysis is commonly utilized in the food industry to evaluate the quality of food products. 16 The marine seaweed odor of pretreated and untreated samples had no significant differences at day 0, 3, and 6 (p˃0.05). For the ammoniacal odor, no differences between the three samples were perceived ( Table 1) . The pretreatment had effectively preserved the odor attribute of the samples compared to the untreated groups that were rejected on day 9 th due to their ammoniacal odor. The scores of lactic and citric acid pretreated samples declined with storage but no significant difference was detected between the two organic acid pretreatments (p˃0.05). The naturally sweet flavor of lactic and citric acid pretreated samples had significantly low scores of 4.61 and 4.48, respectively, on the initial day of sampling compared to the untreated sample with 7.03 (p<0.05). The score of untreated sample declined on the day 6 th and was rejected on day 9. The ATP initial degradation in fishery product results in an increasing amount of inosine monophosphate that enhances flavor but its further breakdown resulted in the loss of flavor. 17 This was attributed to the declining flavor score of all the samples. The sourness score of the two pretreated samples had significant difference compared to untreated sample on day 0 to 6, but no significant difference was determined between the two samples (p<0.05). For the odor acceptability, the pretreatments effectively preserved the desired odor attribute of the green mussel in acceptable level preferred by panelist compared to the untreated sample that was rejected on day 9 ( Table 2 ). The flavor acceptability of the two samples was also preserved until day 15 th . And for the global acceptability, the two organic acid pretreatments also improved the sensory quality of green mussel until day 15 compared to the untreated sample that lasted until day 6 th . Results obtained from this study were higher compared to the 7 days sensory acceptability of green mussel in chilled storage. 18 Both organic acids help preserved the changes in sensory quality of chilled green mussel but lactic acid had been acceptable for longer storage days compared to citric acid.
Lactic Acid Bacteria Count
Lactic acid bacteria (LAB) belongs to the group of spoilage organisms that rapidly proliferate under the anaerobic condition at low-temperature storage 19 but they can also grow on air-packaged and MAP products. They are known as dominant spoilage microorganisms that exhibits a selective characteristic by inhibiting the growth of other bacteria through the formation of lactic acid and bacteriocin. 20 The LAB growth in pretreated and untreated green mussel is shown in Figure 1 . The lactic and citric acid pretreatments significantly lowered the bacterial count of green mussel at day 3 rd to day 12 th compared to the untreated samples. There was no difference in the bacterial retardation of the two organic acids for the sampling days mentioned. There was no acceptable limit established for the lactic acid bacteria count in green mussel, thus, this study utilized the identified safety limit of food product which is 7 log CFU/g considered safe for human consumption. 21 This limit was also used in some storage studies on green mussel. 18, 20, 22 The untreated samples attained the mentioned limit on day 9 with 7.81 log CFU/g, the same day the sample was rejected during the sensory evaluation due to its unpleasant odor. For days 15 th and 18 th , the lactic acid pretreatment had significantly lower lactic acid bacteria count compared to citric acid pretreatments. The antimicrobial property of weak acids including lactic and citric acid are related to their concentration of undissociated acids (pK a ). Lactic acid with higher pK a value has a higher antimicrobial property than the other acids with a lower pK a value like that of citric acid. Organic acids can pass through the cell membrane and are able to dissociate once inside the cell and acidify the internal pH to prevent the growth of the microorganism. 23 The higher bacterial count of the citric acid pretreated sample can also be attributed to its higher molecular size and lower antimicrobial property. 24 
Psychrophilic bacteria count
Even at low-temperature storage, spoilage organism still occurs and alter the quality of chilled products. 19 Psychrotrophic organisms are the most important agents of spoilage during the cold storage. Their occurrence is known to abruptly increase during this type of storage and they are known to comprise most of the flora during the end of the product shelf life of chilled food products. Their final composition is irrespective of the initial composition but this is due to the low storage temperature itself. 8, 25 In the current study, lactic and citric acid pretreatments obtained significantly lower bacteria count compared to the untreated samples on day 3 rd and 6 th as shown in Figure 2 (p<0.05) . The two organic acids had similar effects on bacterial retardation on the said days of sampling because there was no difference detected between the two organic acids pretreated mussel. There was no established limit for psychrophilic bacteria in green mussel, thus the limit suggested from chilled storage of mackerel and anchovy which is 6 log CFU/g was used as the basis of safe consumption of the product. 26 The untreated samples on day 9 th attained 5.57 log CFU/g and were rejected because it is unfit for the sensory analysis. The lactic acid pretreated green mussel significantly maintained lower bacterial count from day 9 th to 18 th compared to citric acid pretreated sample. Lactic acid effectively has retarded microbial proliferation on the sample for 15 days and to help maintain the desirable green mussel quality characteristic compared to untreated samples. Antimicrobial effect was attributed to its undissociated property that acidifies the internal cell and controls bacterial proliferation on the samples.
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Changes in pH pH values are frequently used as the physical quality control for seafood products that are always assessed together with TVB-N and TMA-N values. 18 The pH is an indicator of post-mortem conversion of glycogen to lactic acid and the degradation of muscle components during long storage. 27 The pH value of organic acid pretreated samples was significantly lower compared to the untreated green mussels (Figure 3 ). There were no significant differences between the pH attained by lactic and citric acid pretreatments for 18 days. The pH of the untreated samples declined from pH 6.2 to pH 5.9 during 18 days storage. The decline of pH is due to different factors like post-mortem changes, degradation of muscle components and the fermentative conversion of glycogen. 18, 28 It can also be attributed to the increasing microbial count and this condition can be considered its deterioration stage. 4 The lower pH obtained by organic acid pretreatment can be attributed to the high sourness score of the two samples attained during sensory evaluation with the range of 6.62-5.91 for lactic acid pretreatment and 5.91-5.41 for citric acid pretreatments considered as distinct compared to the untreated sample with range score of 1.01-2.31 signifies the absence of sourness. The sourness level of organic acid pretreatments was acceptable for the panelist.
Effect of Organic Acid on Weight Loss
The loss of mass and the decline in the yield of meat products is attributed to the loss of water during the manufacturing process. 29 The weight loss attained by citric acid pretreated green mussel was significant compared to other samples for 18 days chilled storage (Figure 4 ). pH and ionic strength directly affect the ability of myofibrillar proteins and myofibrils to entrap water 30 that can be attributed to a higher weight loss of organic acid in the pretreated samples. But high water retention in untreated samples did not extend the shelf life of the product because it might have served as nutrient and contributed to the microbial proliferation in the food products.
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Total Volatile Basic Nitrogen (TVB) Content During Storage Total volatile basic amines (TVB) are commonly utilized indicator to assess seafood quality and this includes the different components like trimethylamine (by spoilage organism), dimethylamine (by autolytic enzyme in frozen storage), ammonia (by the deamination of amino acids and nucleotide catabolites) and other volatile basic nitrogenous compounds present in fish and fishery products. 32, 33 Spoilage of seafood products can be observed by the increasing TVB concentration that is related to the bacterial proliferation. 34, 35 Lactic and citric acid pretreatment effectively maintained lower TVB concentration on the day 3 to 9 compared to the untreated samples. There was no established limit for TVB in mussel, thus, the limit which is 15 mg N/100 g were used in this study. 36 From the day 12 th to 15 th , the lactic acid pretreatment had significantly lower TVB values compared to the citric acid pretreatment (p<0.05).
Trimethylamine Nitrogen (TMA) Values
Trimethylamine nitrogen (TMA-N), another spoilage product commonly applied in the detection of freshness in marine fishes. 16, 33 In postmortem condition, enzyme produce by spoilage organism contributes in the metabolization of the extractive fraction of the fish muscle and results in the production of various volatile compounds that causes off flavors and odors. Lactic acid pretreatment had significantly lower TMA content from day 3 to 15 compared to the citric acid pretreated mussel and untreated samples as shown in Figure 6 (p<0.05). There was no significant difference in the TMA value on the day 18 th between the two organic acid pretreated mussels. The TMA limit used in this study was 3 mg/ 100g for TMA-N of mussel. 36 Lactic acid pretreatment effectively maintained at the safe limit for 15 days compared to the untreated samples. Citric acid pretreatment had a similar effect but not as effective as lactic acid pretreatment. Volatile compounds like TVB and TMA are the products of bacterial spoilage that can affect the food quality once its concentration surpassed the safety limit, lactic acid controlled its increase by preventing the rapid growth and proliferation of these microorganisms. The said spoilage product and its retardation effect are attributed to its antimicrobial property.
Ammonia Content
Ammonia present in post-mortem flesh is derived from the deamination of adenine nucleotides to inosine monophosphate that is known to occur rapidly during the harvesting and death of the fish or within a few hours after storage in ice. Its increasing level reflects the decomposition of the muscle of food products. 37 Changes in ammonia content in green mussel during chilled storage for 18 days are presented in Figure 7 . Lactic and citric acid pretreatments had significantly lower ammonia values compared to the control samples on the 3 rd until day 9th (p<0.05). The limit used for the safe ammonia concentration was based on a study 38 with finding that 0.2-0.3 mg/g level of ammonia in crayfish developed a bad odor that made the samples unacceptable to the sensory evaluation compared to the fresh sample with an ammonia level of 0.07-0.1 mg/g. The limit was attained by the untreated sample on day 9 of chilled storage, on the same day it was rejected by the panelist due to its ammoniacal odor. From the day 12 to 18, lactic acid pretreated green mussel had a lower ammonia content compared to citric acid pretreated samples (p<0.05). The organic acid pretreatment controlled the deamination of post-mortem flesh to retard ammonia occurrence in green mussels.
Conclusion
Lactic acid pre-treatment is effective in controlling sensory, microbiological and physicochemical deterioration of green mussel during chilled storage. Preservation effect was also observed on citric acid pre-treatment but its drawback includes higher weight loss than lactic acid that can directly affect the yield of the product once utilized for commercial scale. Thus, the lactic acid can be effectively applied to food industry particularly in primary processing of shellfish like green mussels to extend shelf life and preserve quality up to 15 days compared to 6 days' shelf life of untreated mussel.
